Background: Alimentary tract duplications (ATDs) are rare congenital anomalies of the gut tube, seen mainly in neonates and infants. Their presentations are often mimicking other conditions, thus posing a diagnostic challenge. Surgical treatment is required in all cases. Objective: The aim of this study is to present our experience in the diagnosis and management of this condition. Subjects and Method: We, retrospectively, reviewed 7 duplications in 7 patients and analyzed sex, age, clinical presentation, location, complications, diagnostic work-up, surgical methods and post-operative course. Encountered diagnostic and surgical difficulties were also reviewed in two extremely rare cases. Results: Patients' age varied between 2 months and 10 years. All duplications were single. Six of them were intra-abdominal and one thoracoabdominal Three ADTs were asymptomatic and discovered during routine X-ray imaging. One ADT involving the cecum was mimicking appendicitis and complicated by recurrent intussusceptions. The thoracoabdominal one proved a surgical challenge as it was a completely isolated ATD. All patients underwent surgery without postoperative complications. We conclude that despite their rarity, ATDs require a high level of clinical suspicion, especially if they are presented as thoracic masses. Appropriate diagnostic investigation of the pediatric patients is always necessary to avoid delay in diagnosis.
INTRODUCTION
Alimentary tract duplications (ATDs) are rare congenital anomalies discovered mainly in children and less often in adults [1] [2] [3] [4] [5] [6] . They can be found anywhere from the mouth to the anus [3] . Their shape may be cystic or tubular, located in or adjacent to the mesenteric side of the native AT, and lined by alimentary tract mucosa, not necessarily the same as that of adjacent portion of the alimentary tract [7] . They usually share a common smooth muscle wall and blood supply with the adjacent part of the bowel, with which they may or may not communicate [3] . Clinical diagnosis can represent a challenge as the symptoms of ATDs are diverse and dependent mainly on the type, location of the duplication and presence of heterotopic gastric mucosa [4, 8] . Often asymptomatic, ATDs may be identified incidentally during surgery [9] , or possibly mimic other conditions such as chronic constipation [4] , appendicitis [2] , Meckel's diverticulum [9] , pancreatitis [10] , or intussusception [2] .
The objective of this retrospective study is to present our experience of ATDs, focusing on rare forms of the lesion.
SUBJECTS AND METHODS
We retrospectively reviewed ATDs in seven children managed over a 25-year period, from 1987 to 2012. Data were extracted from the patients' medical records and included information concerning sex, age, clinical presentation, location, diagnostic work-up, treatment, and the postoperative course. The diagnostic and surgical difficulties that were encountered were also reviewed in selected cases. To date, no patients have been lost to fol-
RESULTS
The characteristics of the seven patients are shown in Table 1 .
Age and Sex
The age of the patients ranged from 2 months up to 10 years, with a median age at diagnosis of 4.2 years. Five of the patients were females and two males: the overall male to female ratio was 1:2.5.
Localization
All seven duplications were single and their locations varied: two were gastric, three ileal, one cecal, and one thoracoabdominal.
Clinical Presentation, Diagnosis and Treatment
The clinical presentation of the patients was dependent on the location. Gastric duplications (cases 1 and 2) presented incidentally in one case and with epigastric pain and non-bilious vomiting in the other. Ileal duplications manifested incidentally in two cases (cases 4 and 5) and with abdominal pain and blood in the stool in the third (case 6). All these duplications were diagnosed preoperatively by ultrasonography (U/S). Open surgical laparotomy was performed in all cases. Located in the greater curvature of the stomach, both gastric duplications were cystic and were removed by enucleation, without opening the gastric lumen. Histology showed the presence of gastric tissue. Two of the ileal duplications were tubular (cases 4 and 6), and one cystic (case 5). At laparotomy, a right hemicolectomy was performed in two cases (4 and 6) and resection of the duplication with the adjacent ileal segment in the third (case 5). The wall in case 6 was perforated; it contained ectopic gastric tissue and communicated with the adjacent ileal segment. The lining epithelium of cases 4 and 5 was similar to that of the native bowel.
Selected Cases

Case 3
This 10-year old female was admitted complaining of recurrent episodes of coughing and dyspnea. Radiography revealed an ill-defined, spherical, subdiaphragmatic lesion. An ultrasound scan showed a retroperitoneal cyst measuring 7.5 × 6.5 cm with defined, framed borders and hyperechoic, homogeneous content. Magnetic resonance imaging (MRI) disclosed a cystic mass located in the right upper abdomen below the diaphragm, protruding into the right hemithorax, with concomitant scoliosis of the thoracic segment of the spine (Figure 1) . Surgery was performed via a thoracotomy through the sixth intercostal space on the right, dissection of the diaphragm and excision of the cyst from the retroperitoneal space (Figure 2) . The cyst did not communicate with the adjacent structures. Blood supply of the cyst was performed by small peripheral vessels. Histology revealed a single-spaced cystic duplication with a median diameter of 8 cm, wall width of 1 -3 cm and a mucosal lining of columnar cells with patches that contained crypts and glands. A diagnosis of a completely isolated thoracoabdominal duplication was concluded from these findings. The postoperative course of the patient was uneventful and without any further complications to date. 
Case 7
This 8-year-old female presented with episodes of acute abdominal pain in the lower right quadrant. The initial diagnosis was that of acute appendicitis and thus an appendectomy was performed in an otherwise non-inflamed appendix. Six months later, the patient was readmitted with pain in the lower right quadrant. An ileocolic intussusception was diagnosed which was managed successfully with barium enema. One month later, another episode of intussusception was diagnosed, which persisted despite appropriate management. Abdominal U/S showed an hourglass cystic mass (Figure 3) because of an incipient intussusception, and computed tomogramphy (CT) revealed the presence of a right lower quadrant mass (Figure 4) . During surgery, a 10-centimeter ileocolic intussusception was identified. After unsuccessful efforts of manual reduction, the patient underwent a right hemicolectomy with subsequent end-to-end ileocolic anastomosis. The surgical specimen was opened, revealing an intracecal cystic mass, about 4 cm in size, at the mesenteric border of the cecum, measuring about 4 cm, was identified ( Figure 5 ). Histological examination showed that the mesenteric portion of the wall was composed of smooth muscles in continuity with the terminal ileum, while the intraluminal portion consisted of large bowel tissue. No ectopic mucosa was seen.
DISCUSSION
W E Ladd [11] first coined the term "alimentary tract duplication" in 1937 to describe congenital malformations that involve the mesenteric side of the adjacent alimentary tract and share a common blood supply with the native bowel. Up to then, ATDs had been described as enterogenous cysts, ileal, jejunal or colon duplications, giant diverticulae, or unusual Meckel's diverticulum [1] . The incidence of ADTs is reported to be 1/5000 live newborns [12] . Although in previous studies [2, 3, [13] [14] [15] ATDs were seen to be commoner in boys, the present study noted a female predilection. No familial or racial association has been reported [16] .
The etiology of ATDs is a topic of speculation. Several embryological theories have been discussed in the literature [17] [18] [19] [20] [21] ; however, none explain the entirety of the types of duplications. These theories can be summarized as follows: 1) a split notochord syndrome in which the primary defect is abnormal adhesions between the ectoderm and endoderm that results in herniation of the yolk sac through the two halves of vertebra, leading to the subsequent duplication of the gut [17] , possibly explaining the thoracic duplications associated with spinal and central nervous malformations deformities, but not the intraabdominal duplications in which no spinal deformities are observed [11] ; 2) abnormalities of recanalization of the solid stage in which an embryologic error leads to failure of recanalization [18] ; 3) the abortive twinning theory [19] , which may explain duplications of the large bowel, usually associated with abnormalities of the genitourinary tract; 4) the theory of embryologic diverticulae [20] which could justify the higher frequency of ATDs in the terminal ileum, though the presence of heterotopic mucosa, the location in the mesenteric side, and the presence of tubular duplications puts this theory into question; and 5) the concept of environmental factors such as trauma or hypoxia [21] in which duplications form part of the spectrum of intestinal atresia.
Most of the reported ATDs are cystic in shape (53% -85%) [1] [2] [3] 15] . In our study, there were five cystic du- plications (71%) and two tubular (29%). In general, tubular duplications tend to be larger in size, rendering their excision more difficult. They also generally communicate with the adjacent gut tube segment in contrast to cystic duplications that do not [4] . The age at the onset of symptoms in our series ranged from 2 months to 8 years; five patients were younger than 5 years of age and two older. It has been reported that the majority of symptomatic duplications present within the first year of life [1] [2] [3] [4] , and should therefore be considered a condition of early infancy.
The most common location reported in the literature is the jejunum and mainly the ileum and ileocecal region [1] [2] [3] [4] 22, 23] . Stern et al. [24] reported an incidence of 30% in the ileum, 30% in the ileocecal calve, 8% in the stomach, 10% in the duodenum, 8% in the jejunum, 7% in the colon and 5% in the rectum. Synchronous ADTs found in more than one part of the alimentary tract have also been reported [25] . Although the number of patients in this study was small, the results are virtually in line with previous reports since the majority of ADTs (43%) were located in the ileum and ileocecal valve.
This study presents two rare cases of ADT, a thoracoabdominal completely isolated duplication cyst (CIDP), and a duplication cyst of the cecum. Thoracoabdominal duplications are very rare, accounting for about 2% of patients with ATDs [25] . Representing a variety of tubular duplications that arise in the abdomen and pass through the diaphragm, these duplications can produce respiratory symptoms secondary to pressure in the posterior mediastinum [1, 7, 26] . The majority (60%) communicate with the duodenum, jejunum or ileum [7] , and the remainder end blindly in the abdomen. They are associated with vertebral anomalies [2] , while 29% contain ectopic gastric mucosa [7] . On the other hand, CIDCs are extremely rare with only few reports in the pediatric literature [27] [28] [29] [30] [31] [32] [33] . A CIDC is defined as having its own blood supply, and it does not communicate or share a common wall with the adjacent normal intestine [27, 28] . The majority have been reported in the mesentery of the ileum, and near the ileocecal valve [27] [28] [29] [30] [31] [32] ; just one has been documented in the stomach [33] . The exact etiology has not yet been established. Steiner et al. [30] hypothesized that duplication is the result of torsion or a vascular accident at the proximal end of a diverticulum, leading to detachment from the intestinal wall resulting in a CIDC. As in other types of thoracoabdominal duplications, the CIDC in our case presented with respiratory problems. To our knowledge, a thoracoabdominal CICD has never been reported.
Duplications located in the cecum are rare. In summarizing a review of 362 patients with 400 duplications, Oudshoorn et al. [34] reported that only 16 (0.4%) were found located in the cecum. On the other hand, in a study [35] of 140 children with intussusceptions, a duplication cyst was a leading point in only two (1.4%) cases. The clinical presentation of cecal duplications may be that of intussusception [36] , intestinal obstruction [37] , or mass [38] . Our series is unique as the duplications emerged from the inner wall of the cecum, mimicking appendicitis before being recognized as intussusception. The incomeplete partial abortion theory [19] could explain this rare variety.
The natural history of ATDs is quite variable. Thoracic duplications usually present with mild or severe respiratory distress and coughing [2] . However, some thoracic duplications can remain asymptomatic until they are discovered by a routine X-ray [1, 2] . Esophageal duplications may also present with dysphagia [2] or even hematemesis and anemia due to bleeding of ectopic gastric mucosa [22] . Gastric duplications almost invariably present with vomiting and abdominal discomfort as seen in the present study. A duodenal duplication may be the cause of pancreatitis due to obstructive phenomena at the pancreatic duct [10] . Patients with small bowel duplications may suffer from recurrent pain, obstruction, volvulus, melena, or may be asymptomatic presenting a palpable abdominal mass [4] . Clinical symptoms of duplications of the colon can include bowel obstruction and hemorrhage [7] , or may mimic other conditions such as intussusception as shown in this study. Finally, a rectal duplication may present with constipation, hematochezia, perirectal abscess or urinary problems [7, 39] .
Various congenital anomalies have been associated with ATDs, most notably vertebral and genitourinary. Although no such defects were found in our patients, save for a mild scoliosis of the thoracic spine, it is well documented that thoracic and abdominal duplications coexist with a large spectrum of associated anomalies such as hemivertebra of the cervical and thoracic spine, esophageal atresia, diaphragmatic hernia, intestinal atresia, malrotation, bladder duplications, and extensive genital malformations [1] [2] [3] [4] 40] . U/S, CT, and MRI imaging are very helpful imaging modalities in defining the anatomic borders of a duplication [7] . U/S imaging is the first line imaging choice to confirm the diagnosis of an ADT as the sign of the "double-wall" is highly indicative of enteric duplications [41] . In prenatal diagnosed ATDs, an MRI is more accurate than U/S in detecting the anatomy of a duplication in the fetus [42] . Additional imaging modalities such as barium enema and radionuclide scanning may sometimes prove helpful [5] . In our series, U/S was diagnostic in the majority of cases with CT and MRI being reserved for only two cases (cases 3 and 7, Table 1 ).
The optimal treatment of ATDs is surgery. The location, size and benign nature of the lesion must be taken into account when a plan of surgery is under consideration. Surgical excision varies between simple removal as in the case of a CIDC [29] , or resection of the cystic part along with the adjacent bowel segment with primary anastomosis [43] . In the case of long tubular duplications in which extensive resection of the adjacent bowel may lead to short-bowel syndrome, the Bianchi technique can be used; this involves removing only the duplicated portion, leaving the adjacent bowel intact [44] . Ectopic gastric mucosa should be resected either by stripping or by limited resection [1] . Staged approaches may sometimes be necessary [2] . Although laparotomy and/or thoracotomy are most commonly performed, a large study of French patients has shown that minimally invasive surgery (thoracoscopy or laparoscopy) yields good results with a low rate of adverse effects, and could, therefore, be performed in centers with experience of the procedures [45] .
Low mortality rates after surgery of up to 20% have been reported [13] , with thoracic duplications being responsible for the greater part of the overall mortality, due to respiratory complications [3] and other coexisting congenital anomalies [2, 4, 5, 13] . In our series, all patients had an uneventful postoperative course.
CONCLUSION
Alimentary tract duplications, despite their rarity, are not uncommon in the pediatric population. They most often become symptomatic early in life and require excision to avoid complications such as hemorrhage and cancer. When thoracic masses are involved, there should be a high level of suspicion for duplications. Select cases may represent a surgical challenge. The common blood supply with the native bowel must be taken into consideration during surgery, to avoid the loss of a healthy native bowel. Overall, open surgery is safe: minimally invasive surgery is also feasible in centers with adequate ex-
